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Abstract 
The main aim of this paper is to investigate the current status and emerging trends of digital 
scholarly communication through the distribution of citations. It specifically identifies the usage 
framework of digital research works by the citation analysis of “Australian Journal of 
Chemistry”. Articles published in “Australian Journal of Chemistry” were chosen as a sample 
source for data. The data were collected from the time of 2011-2020 i.e. the period of 10 years. 
The references of every article from each issue of the “Australian Journal of Chemistry” were 
searched on May 19, 2021. Total of the 42126 citations were retrieved, 4212 (10 percent of the 
aggregate) articles were selected randomly. In this study findings discovered that the most 
significant number of citations were comes from multiple authors 1438 (34.15%), B. Murray was 
the most prolific author whose work was highly cited (157). Decade 2020 received the maximum 
citations 2542 (60.35%). Furthermore, non-print sources were the most dominant source of 
documents. And users mostly prefer journal form of documents with 2356 (55.93%) citations. 
Significantly, U.K. was the most productive country with 784 (33.21%) citations and “Nature” 
journal published from U.K. had the maximum citations 25 (1.06%). Moreover, in the ranking of 
core journals U.S.A. had published maximum number 20 (40%) of journals. This investigation 
definitely shows a growing trend of citation analysis in digital scholarly communication. 
Keywords: Scholarly communication, Citation Analysis, Distribution of Citations, Cumulative 
Frequency, Frequency of Occurrence, Australian Journal of Chemistry. 
Introduction 
Significantly, the concept of scholarly communication in the ICT era has changed. This digital 
environment offers new opportunities for scholars to publish the outcome of their research 
(Comba & Vignocchi, 2005; Das, 2015; Husain & Nazim, 2013). The digital access had brought 
new dimensions to scholarly communication by means of discussion lists, electronic coordinated 
communities, improved invisible colleges, self-archive repositories, etc. The 1990s had been the 
period of the genuine rise of e-journals. And libraries became digital, due to increasing user 
demands and expected space and cost savings, they were started to replace their print journal 
collections with electronic forms (Kling & Callahan, 2003; Montgomery & King, 2002). 
Nowadays, the demand of the universe of knowledge is multi-dimensional and truly varying, the 
appraisal of literature is fundamental. Therefore, citation records are utilized for the expansion 
and assessment of scientific work, though a few experts prefer to utilize recorded user 
information for the investigation of aged and obsolescence. For this process citation analysis is 
useful in the knowledge organization. Significantly, citation analysis is the investigation of the 
citation process in scholarly communication in kind of citation counting to determine the 
frequency of citations made to authors, journals, books and other forms of scholarly works so as 
to evaluate their impact. Furthermore, it is a measurable method which places bibliographic 
information in such pattern which aids to discover the vast development in literature (Gayan & 
Singh, 2021; Harande & Ladan, 2013; Ofoedu & Anaehobi, 2021; Roy et al., 2021; Zhao & 
Logan, 2002).  
Citation analysis is the order for the classification of the occurrence, arrangements and outlines 
of citation in articles. The citation analysis means the list of references of others works in a 
published article to support the findings. The citation analysis is determined by the usage of 
footnotes and references, which is known as “Citations” (Garfield, 1973; Martyn, 1975). The 
footnotes in the document are known as “Cited documents” and the citing of the document is 
known as “Citing document”. Although, citation analysis is a tool that assists in measuring the 
qualitative value of the journal by examining the citations of each article published in the journal. 
In this digital era, citation analysis is the most prevalent strategy for the authorizations of 
principal documents in different disciplines and for specific academic system (Cole & Eale, 
1917; Edyburn, 2001; Garfield, 1979; Gupta & Kaur, 2013; Martyn, 1975; Rousseau, 2008; Roy 
et al., 2021).  
Today in the digital environment, the scientific literature and literature explosion are comes in 
the form of journal articles. The journal is the best accessible means for dissemination of 
information amongst researchers and scientists. The journal selected for the study is “Australian 
Journal of Chemistry” an international peer-reviewed multidisciplinary journal for chemistry, 
which publishes research papers review articles on chemical science. This journal is monthly 
published by an autonomous department in the Commonwealth Scientific and Industrial 
Research Organization (CSIRO) (Australian Journal of Chemistry, 2021).  
The study examines the value of the journal for the publishers and scholars. It also highlights the 
current status and emerging trends of digital scholarly communication through the distribution of 
citations. It specifically identifies the usage framework of digital research works by the citation 
analysis of “Australian Journal of Chemistry” a specialized journal which covers the different 
areas, issues and challenges. The citation analysis of “Australian Journal of Chemistry” 
performs as a tool to evaluate the relevance of a journal.  
Review of Related Literature 
Several studies, published over the past few years, have investigated the citation analysis. 
Significantly, in the primary literature citations connecting a relationship among two documents, 
one which cites and the other which is cited. The system is used for placing things of references 
in a kind of rank and order, regardless of whether they are journals of author’s cited. Citation 
analysis assists to investigate the library assets to determine the authentic utilization of the 
documents and can also help information system designers to provide valuable plans to 
procurement of significant documents to plan their items and administrations. Citation study can 
help the librarian select the most significant publications and has such efficiently enhance the 
utilization of their budget and to improve library collection according to the necessities of the 
user interest for the learning resources and in planning of user services in libraries. It also 
supports to bringing up the best approach to revive the collection and managements to allow the 
librarians to more readily serve the necessities of the library users from the present to future 
(Geetha, 2012; Kuri & Hajje, 2014; Martyn, 1975; Roy et al., 2021; Zhao & Logan, 2002).  
In the previous few years, different studies have been published on various facets of citation 
analysis. A few studies like Waugh & Ruppel (2004) conducted a citation analysis of theses & 
dissertations in work force education. However, Gooden (2001) carried out a citation analysis of 
chemistry doctoral theses. A study by Khurshid (2013) assessed the qualitative aspects of (516) 
articles published during 1957 to 2011 by LIS authors of Pakistan. In a similar way Anwar & Jan 
(2017) also evaluated the citation impact of (601) articles published by Pakistani LIS researchers. 
Additionally, Rethlefsen & Wallis (2007) also implemented a citation analysis on public health 
citation patterns. Another study by Jan (2009) led a citation analysis of articles published in the 
Library Trends journal during1994-2007. 
Even though, previously numerous studies have been conducted on citation analysis, but 
surprisingly, there is no such study which examined the current status and emerging trends of 
digital scholarly communication through the distribution of citations and identifies the usage 
framework of digital research works by the citation analysis. Therefore, the paper is an endeavor 
to fill this research gap. This study based on the citation analysis of the articles published in the 
“Australian Journal of Chemistry” published by CSIRO during the period 2011-2020.  
Objectives of the Study  
The specific objectives of the study are as per the following: 
 (i) examine the authorship distribution of citations;  
(ii) examine the used pattern of different forms of documents cited;  
(iii) determine the decade wise distribution of citations; 
(iv) examine the country wise distribution of journal citations; 
(v) identify the emerging trend in the usage of print and non-print sources of citations; 
(vi) compiled the rank list of cited authors; and  
(vii) identify the core journals in chemistry. 
Methodology 
For investigating the current status and emerging trends of digital scholarly communication and 
identifies the usage framework of digital research works by the citation analysis, “Australian 
Journal of Chemistry” were chosen as a sample source for data. “Australian Journal of 
Chemistry” an international peer-reviewed multidisciplinary journal of chemistry which 
publishes research papers and review articles on chemical science. The data were collected from 
the time of 2011-2020 i.e. the period of 10 years. The references of every article from each issue 
of the “Australian Journal of Chemistry” were searched on May 19, 2021. From that point 
forward, total of the 42126 citations were retrieved, 4212 (10 percent of the aggregate) articles 
were selected randomly. After that the data were recorded on Microsoft Excel Software 2016 for 
additional analysis. In light of analysis, all citations were organized into seven categories:  
(i) Authorship distribution of citations;  
(ii) Form wise distribution of citations; 
(iii) Decade wise distribution of citations; 
(iv) Country wise distribution of journal citations; 
(v) Print and Non-print sources; 
(vi) Ranking of Cited Authors; and  
(vii) Ranking of Core Journals. 
 
Findings of the Study 
Authorship Distribution of Citations 
Table 1 depicts that out of 4212 citations, the maximum citations are comes from multiple 
authors 1438 (34.15%), followed by two authors 1120 (26.59%), three authors 981 (23.29%). 
Figure 1 shows that the least citations are produce by single author 673 (15.97%).   
Table 1: Authorship Distribution of Citations 
 
Figure 1: Authorship Distribution of Citations 
Form wise Distribution of Citations  
Table 2 evident that journal has the highest number 2356 (55.93%) of citations. Through which 
is shown an increasing trend of journals in the field of chemistry. Figure 2 shows that books 
secured 2nd rank 1209 (28.70%) citations, followed by conference proceedings 145 (3.44%), 
reviews 137 (3.25%), web resources 96 (2.28%), reports 87 (2.06%), magazines 85 (2.05%), 
thesis 51 (1.21%), bulletins 36 (0.85%) citations. Whereas, patents 10 (0.23%) has the lowest 
number of citations.  































Number of Authors Frequency of Citations %age Cumulative Frequency 
Single Author 673 15.97 15.97% 
Two Authors 1120 26.59 42.56% 
Three Authors 981 23.29 65.85% 
Multiple Authors 1438 34.15 100 
Total 4212 100  
Forms of Documents      Frequency of Citations %age Cumulative Frequency 
Journals 2356 55.93 55.93% 
Books 1209 28.70 84.63% 
Conference proceedings 145 3.44 88.07% 
 
Figure 2: Forms of Documents 
Decade wise Distribution of Citations 
The total 4212 citations collected form 11 decades i.e. 1920-2020. Table 3 depicts that decade 
2020 received the highest number of citation 2542 (60.35%) while the lowest number of citation 
5 (0.11%) is for the decade 1920, this may be due to the non- accessibility of the documents to 
the readers. Figure 3 noticed that decade 1920 had only 0.11 percent citations which 
continuously increased to 60.35 percent of citations during the decade 2020. Significantly, a 
massive growth of citations are observed in the period 2010 to 2020 i.e. 893 (21.29%) citations 
in 2010, which rose to around 3 times in 2020 i.e. 2542 (60.35%) citations. 

















Reviews 137 3.25 91.32% 
Web resources 96 2.28 93.60% 
Reports 87 2.06 95.66% 
Magazines 85 2.05 97.71% 
Thesis 51 1.21 98.92% 
Bulletins 36 0.85 99.77% 
Patents 10 0.23 100 
Total 4212 100  
    
Decades Frequency of Citations %age Cumulative Frequency 
1920 5 0.11 0.11% 
1930 9 0.21 0.32% 
1940 13 0.32 0.64% 
1950 16 0.37 1.01% 
1960 39 0.96 1.97% 
1970 79 1.87 3.84% 
1980 82 1.94 5.78% 
1990 227 5.36 11.14% 
 
Figure 3: Decade wise Distribution of Citations 
Country wise Distribution of Journal Citations  
Table 4 contains list of 14 countries which produced 2356 citations of journals in the field of 
chemistry. These countries have been positioned based on frequency of occurrence of citations. 
Figure 4 seen that U.K. secure 1st position in terms of most productive country which producing 
784 (33.21%) journal citations in the field of chemistry, trailed by U.S.A. producing 772 
(32.76%), Netherlands 397 (16.82%), Germany 258 (10.95%), Australia 24 (1.07%), France 20 
(0.85%), South Korea 18 (0.76%), Japan 17 (0.72%) citations, Canada and Greece produced 15 
(0.63%) citations, respectively. India and Iran also share the same rank as they both are produced 
12 (0.55%) citations and Russia 11 (0.46%) citations. While Austria holds the least rank with 1 
(0.04%) journal citations.  
Table 4: Country wise Distribution of Journal Citations 
Rank Country Frequency of Occurrence %age  Cumulative Frequency 
1 U.K. 784 33.21 33.21% 
2 U.S.A. 772 32.76 65.97% 
3 Netherlands 397 16.82 82.79% 
4 Germany 258 10.95 93.74% 
5 Australia 24 1.07 94.81% 
6 France 20 0.85 95.66% 
7 South Korea 18 0.76 96.42% 
8 Japan 17 0.72 97.14% 
9 Canada  15 0.63 97.77% 
9 Greece 15 0.63 98.40% 
10 India 12 0.55 98.95% 



























2000 307 7.22 18.36% 
2010 893 21.29 39.65% 
2020 2542 60.35 100 
Total 4212 100  
10 Iran 12 0.55 99.50% 
11 Russia 11 0.46 99.96% 
12 Austria 1 0.04 100 
 Total 2356 100  
 
Figure 4: Country wise Distribution of Journal Citations 
Print & Non-Print Sources of Citations  
A sum of 4212 citations are examined in this study that were published in “Australian Journal of 
Chemistry” from 2011-2020. Details of the table 5 discovered that highest number of citations 
are comes in non-print sources 3633 (86.22%) while, only 579 (13.78%) citations are of print 
sources of citations. Figure 5 represents that non-print sources are the most prevailing kind of 
document. 
Table 5: Sources of Documents 
Sources of Documents Frequency of Citations %age  Cumulative Frequency 
Print sources 579 13.78 13.78% 
Non-print sources 3633 86.22 100 


































Figure 5: Sources of Documents 
Ranking of Cited Authors 
In order to identify the prominent authors in the field of Chemistry, in this study a total of 311 
authors are examined as mentioned in the 4212 citations. Table 6 given the details of top 50 
authors and number of their contributions. Results investigated that B. Murray is the most 
prominent author, who has the highest frequency 157. The frequency of authors found varies 
from 157 to 65. In total, only (3) authors had frequency of more than 150, whereas (5) authors 
had frequency of more than 100. Although, (7) authors had frequency of more than 90 and (6) 
authors had frequency of more than 80. Whereas, majority (25) of the authors had frequency of 
more than 70 and remaining (4) authors had a frequency of more than 60. Significantly, in terms 
of individual frequency of occurrence, maximum number (7) of authors had a frequency of 70 
which secured the rank 19th, followed by (6) authors had frequency of 75 with rank 15th, (5) 
authors had frequency of 78 with rank 15th and 72 frequency with rank 17th, while (4) authors 
had frequency of 98 and 65 holds rank 7th and 20th, respectively. 





Rank Cited Authors Frequency of Occurrence 
1 B. Murray 157 
2 J. R. Kanwar 150 
2 A. B. W. Rutherford 150 
3 D. Williamson 147 
4 R. E. Blankenship 143 
5 R. Clarke 125 
5 D. Parker 125 
6 B. Stuhn 115 
7 M. Heilemann 98 
7 R. A. Palmer 98 
7 A. B. Taylor 98 
7 H. Yang 98 
8 C. Forthmann 95 
9 N.S. Sariciftci 92 
10 T. Friedrich 91 
11 S. R. Taylor 86 
12 H. Chen 85 
12 F. .F. Fang 85 
13 G.J. Anderson 80 
Ranking of Core Journals  
Out of 4212 references 2356 citations are collected from 173 core journals in chemistry. Table 7 
shows the details of the top 50 core journals. Results revealed that “Nature” journal occupied the 
1st rank having a frequency of occurrence 25 (1.06%) among the total citations. Whereas, 2nd 
positions is secured by 4 journals viz., “Angewandte Chemie, Biophysical Chemistry, Green 
Chemistry, and International Journal of Chemical Kinetics” which is cited 21 times with 0.89 
percent, respectively. The frequency of journal citations found varies from 25 to 16. In total, only 
1 journal had frequency of occurrence (25) which secured 1st rank, followed by 5 journals had 
frequency (21) with rank 2nd, 6 journals had frequency (20) who were in 3rd position, 11 journals 
has cited (19) times with 4th rank, while only 4 journals has cited (18) times with 5th rank. 
However, majority 16 journals hold 6th rank with frequency (17) and 7 journals had frequency 
(16) which holds 7th rank. Significantly, researchers mostly cited those journals which published 
from U.S.A. as out of 50 core journals, majority 20 (40%) of them are being published from 
U.S.A. and 15 (30%) are produced from U.K. Whereas, Netherlands produced (8) journals and 
Germany produced (5) journals. Additionally, Japan and U.A.E. published only (1) journal, 
respectively. 
13 C. Bamann 80 
13 E. J. New 80 
14 J. Froehlich 78 
14 Y. Zhang 78 
14 J. Raymond 78 
14 K. Zhang 78 
14 Z. B. Zhang 78 
15 D. Heitbrink 75 
15 K. Kataoka 75 
15 T. Kirsch 75 
15 K. L. Munro 75 
15 C. A. Poland 75 
15 E. Robb 75 
16 S. Omar 74 
17 H. Conrad 72 
17 W. Lan 72 
17 P. J. Matthews 72 
17 D. L. Robertson 72 
17 P. Warren 72 
18 T. Fujita 71 
19 L. S. Brown 70 
19 N. T. Calloway 70 
19 S. W. Hell 70 
19 G. Huhn 70 
19 D. J. Kane 70 
19 H. Strchlow 70 
19 J. W. White 70 
20 P. Berthold 65 
20 Z. Cai 65 
20 R. K. Kanwar 65 
20 P. J. Low 65 
Table 7: Ranking of Core Journals 
Rank Core Journals Country Frequency of 
Occurrence 
%age  
1 Nature U.K. 25 1.06 
2 Angewandte Chemie U.K. 21 0.89 
2 Biophysical Chemistry Netherlands 21 0.89 
2 Green Chemistry U.K. 21 0.89 
2  International Journal of Chemical Kinetics U.S.A. 21 0.89 
2 Cancer Research U.S.A. 21 0.89 
3 Chemical -A European Journal Germany 20 0.85 
3 Journal of Biological Chemistry U.S.A 20 0.85 
3 Journal of Physical and Colloid Chemistry  U.S.A. 20 0.85 
3    Nature Review Molecular Cell Biology U.K. 20 0.85 
3 Nature Reviews Immunology U.K. 20 0.85 
3 Synthetic Metals Netherlands 20 0.85 
4 Energy Environmental Science U.K. 19 0.81 
4 Fuel Cells U.K. 19 0.81 
4 Journal of Analytical Atomic Spectrometry U.K. 19 0.81 
4 Journal of Organometallic Chemistry Netherlands 19 0.81 
4 Journal of Polymer Science Part B: Polymer Physics U.S.A. 19 0.81 
4 Journal of Wood Chemistry & Technology U.S.A. 19 0.81 
4 Molecular Vision U.S.A. 19 0.81 
4 Nutrition Reviews     U.S.A 19 0.81 
4   Polymer Degradation and Stability U.K. 19 0.81 
4 Science U.S.A. 19 0.81 
4 Smart Materials and Structures U.K. 19 0.81 
5 Current Medicinal Chemistry U.A.E 18 0.76 
5 Mutagenesis U.K. 18 0.76 
5 Neuron U.S.A. 18 0.76 
5 Synlett Germany 18 0.76 
6 Biochemical Journal U.K. 17 0.72 
6 Biochimie Netherlands 17 0.72 
6 Bio Macromolecules U.S.A. 17 0.72 
6 Chemical Communications U.K. 17 0.72 
6 Chemische Berichte Germany  17 0.72 
6 European Journal of Nutrition Germany 17 0.72 
6 European Journal of Wood & wood Products Germany 17 0.72 
6 Inorganic Chemistry U.S.A. 17 0.72 
6 Inorganica Chimica Acta Netherlands 17 0.72 
6 Journal of Catalysis U.S.A. 17 0.72 
6 Journal of Nuclear Medicine U.S.A. 17 0.72 
6 Journal of Organic Chemistry U.S.A. 17 0.72 
6 Journal of Photochemistry & Photobiology A: Chemistry Netherlands 17 0.72 
6 Journal of Rheology Japan 17 0.72 
6 Nuclear Medicine and Biology U.S.A. 17 0.72 
6 Solar Energy Materials & Solar Cells Netherlands 17 0.72 
7 Analytical Chemistry U.S.A. 16 0.68 
7 Annual Review of Physical Chemistry U.S.A. 16 0.68 
7 Applied Physics Letters U.S.A. 16 0.68 
7 Applied Radiation and Isotopes U.K. 16 0.68 
7 Bio Resources Technology U.K. 16 0.68 
7 Chemical Research in Toxicology U.S.A. 16 0.68 
7  Co-ordination Chemistry Reviews Netherlands 16 0.68 
Discussion and Conclusion 
The main aim of this paper is to investigate the current status and emerging trends of digital 
scholarly communication through the distribution of citations. It specifically identifies the usage 
framework of digital research works by the citation analysis of “Australian Journal of 
Chemistry”. The results of the study indicated that researchers believe in collaborative research, 
highest number of citations 1438 (34.15%) comes from multiple authors. In a contrary, few 
studies analyzed that single authors is most prominent authorship of citation frequency (Buttlar, 
1999; Gayan & Singh, 2021; Kuri & Hajje, 2014; Nasir & Kumar, 2011). This study revealed 
that out of 311 cited authors, B. Murray is discovered as the most productive author with (157) 
citations. A study by Nasir & Kumar (2011) found that in the ranking of authors M. K. 
Bhattacharya holds 1st ranks with (35) citations. The findings of the study shows that the 
maximum literature are cited during the period 2010-2020 comprising 2542 (60.35%) citations, 
while the least citations is discovered to be during the period 1910-1920 with 5 (0.11%) 
citations. In a similar way Nasir & Kumar (2011) explored that journal articles published during 
the decade of 2001-2010 were mostly cited (23.93%), while in the decade of 1941-1950 were the 
least (4.35%) citations. Results of this study indicated that users mostly prefer journals 2356 
(55.93%) form of documents. Similarly, some studies have also explored that journals were the 
mostly used form of document (Buttlar, 1999; Gayan & Singh, 2021; Gooden, 2001; Kumar & 
Reddy, 2012; Nasir & Kumar, 2011; Ofoedu & Anaehobi, 2021; Olatokun & Makinde, 2009). 
However, Kajberg (1996) examined that both journals and books were the most frequently cited 
forms of documents. This study found that among the list of most productive country of the 
journal citations, U.K. secure 1st rank with 784 (33.21%) citations. A study by Haridasan & 
Kulshrestha (2007) investigated that U.S.A., U.K. and Germany are the most productive 
countries of the journal citations. This study also examined that in the ranking of journals U.S.A. 
had published maximum number 20 (40%) of journals. Similarly, few studies also analyzed that 
U.S.A. secures 1st position in the frequency of occurrence (Maharana et al., 2011; Sharif & 
Mahmood, 2004). In this study, the highest number of journal citations comes from the “Nature” 
journal 25 (1.06%) which published from U.K. A recent study by Gayan & Singh (2021) 
evaluated that “Fuzzy Sets & Systems” journal received highest number 254 (16.92%) of 
citations. This study noticeably shows that non-print sources with 3633 (86.22%) citations are 
the dominant source of documents. In the contrast, some studies assessed that online resources 
are poorly cited and very low when compared with other information sources (Echezona et al., 
2011; Tunon & Brydges, 2005). 
From the analysis, it may be concluded that the trend of citation analysis is growing in digital 
scholarly communication. Undoubtedly, these findings are much helpful for librarians and 
information scientists while taking determinations regarding collection development, eliminating 
out dated documents from the shelves, binding of back volumes of journals and also sustaining 
need based collection in the libraries. Furthermore, this indicative study can help to understand 
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